Changes in runoff trends have caused severe water shortages and ecological problems in agriculture and human well-being in Nigeria. Understanding the long-term (inter-annual to decadal) variations of water availability in river basins is paramount for water resources management and climate change adaptation. Climate change in Northern Nigeria could lead to change of the hydrological cycle and water availability. Moreover, the linkage between climatic changes and streamflow fluctuations is poorly documented in this area. Therefore, this study examined temporal trends in rainfall, temperature and runoff records of Kaduna River basin. Using appropriate statistical tools and participatory survey, trends in streamflow and their linkages with the climate indices were explored to determine their amplifying impacts on water availability and impacts on livelihoods downstream the basin. Analysis indicate variable rainfall trend with significant wet and dry periods. Unlike rainfall, temperature showed annual and seasonal scale statistically increasing trend. Runoff exhibit increasing tendency but only statistically significant on annual scale as investigated with Mann-Kendall trend test. Sen's estimator values stood in agreement with Mann-Kendall test for all variables. Kendall tau and partial correlation results revealed the influence of climatic variables on runoff. Based on the survey, some of the hydrological implications and current water stress conditions of these fluctuations for the downstream inhabitants were itemized. With increasing risk of climate change and demand for water, we therefore recommend developing adaptive measures in seasonal regime of water availability and future work on modelling of the diverse hydrological characteristics of the entire basin.
INTRODUCTION
Water is an essential instrument of livelihood support. Though the quantities needed by human for drinking and sanitation purposes are relatively small, the basic satisfaction of these needs today is marred by access to quality and availability of water resources. Other several purposes most importantly irrigated agriculture, industrial uses and in particular hydropower uses require water in larger quantities. These activities critically depend on a sufficient amount of freshwater that can be withdrawn from rivers, lakes, and groundwater aquifers.
Scientific studies suggest that the changing world's climate have considerable effects on freshwater resources availability with amplifying impacts on livelihoods of people particularly in arid and semiarid areas such as Nigeria. Climate change caused by increasing concentration of greenhouse gases in the atmosphere and usually linked to increasing temperature and shifts in rainfall pattern [KUNDU et al. 2016] , directly or indirectly affects the natural environment and results in hydrology alterations of watersheds [WOBUS et al. 2015] . Some of these changes including changes in flood or drought frequency, magnitude and seasonality of runoff [TRENBERTH 2008 ] can lead to reduction in available water resource. In the same way, availability of water or actual per-capita renewable water resources is on the decline influenced by climate factors and non-climatic stressors comprising pressures from rapidly growing population, urbanization, changes in land use, among others [EAKIN, LUERS 2006] . As a cross cutting issue, this will invariably affect variety of natural and anthropogenic processes; posing additional threat to sectors of energy, agriculture, water supply for domestic and other purposes. Together with expected global population growth, lifestyle changes and economic prosperity in the coming decades, water demand will increase with constraints in development and societal well-being in many countries [NAIMAN, DUDGEON 2011] and thus aggravate these problems.
Investigations on past and probable future changing climatic patterns and impacts have been undertaken or are on-going in West Africa [EKPOH, NSA 2011; IDOWU et al. 2011; ROUDIER et al. 2014 . This impact on available water resources is greatly paid attention to in different parts of the world due to their strong influences on human and environmental wellbeing. Studies in Sub-Saharan Africa [NGORAN et al. 2015] and West Africa [OYEBANDE, ODUNUGA 2010] , show deteriorating conditions of available water resources due to climate change with varied and wide-ranging consequences. Although information is available on climate impact on water resources in Nigeria [ADE-LALU 2012; OJO et al. 2004] , relatively little efforts have so far been made to understand the potential of water resources adaptation despite being highly vulnerable. There is also evidence of contrasted responses by hydrological systems in the Nigerian basins.
In recent years the effect of climate change on runoff has become prominent [KUNDZEWICZ et al. 2008; ZUO et al. 2015] . Globally, the anticipated changes in runoff varied regionally, with water availability decreasing in some locations but increasing in others [KUNDZEWICZ et al. 2008; SCHEWE et al. 2014] . Studies in Kaduna River basin indicate an increase in the magnitude and frequency of flooding events and increase in runoff potential of aquifers [HARUNA et al. 2013] . Nonetheless, few attempts have been made to deal with the changing climate and their large-scale impacts on runoff. As a main component of the whole water resources system, runoff variability usually results with complicated non-linear and unpredictable characteristics.
Furthermore, previous impact studies in Nigeria focused on annual discharge, high surface runoff, response patterns of hydrological parameters and its resultant environmental vulnerabilities such as flooding [DIKE, NWACHUKWU 2003; GARBA et al. 2013; IFABIYI 2013] . However, what appears not to be adequately articulated in these studies is the implications of the impacts on freshwater availability, particularly within rural settings. Such an understanding is necessary for the design and implementation of measures to improve the resilience of rural inhabitants to the impacts of water stress from changing climate. Similarly, in order to respond adequately to climate change in water management adaptation and optimize water availability in relation to each other, a good understanding of the hydro-climatic linkages of the Kaduna River basin is required. To help address these gaps, this paper examined linkages between runoff and climatic variables as well as their impact on freshwater availability of the Kaduna River basin which provides water supply for its inhabitants. Likewise, the basin considered in this study play important role in the socio-economic development of the administrative areas, we therefore, went a step further by investigating how the variations in freshwater availability have impacted on livelihoods of households.
STUDY AREA
The study area is the Kaduna River basin located in central North Nigeria. Kaduna River, upon which the Shiroro dam is built, mainly for power supply to Nigeria and neighbouring countries is particularly vulnerable to climate variability impacts because of its dependence on rainfall and current high levels of water stress. The basin extends from latitudes 09°06'32.64"N to 11°30'12.64"N, and longitudes 05°30'39.34"E to 07°04'44.34"E (Fig. 1) . The basin general climate has typical dry and wet periods which are strongly influenced by highly variable topographic structure and low relief. The area receives in general, annual rainfall of about 1504.91 mmꞏyr -1 , with gradual increase from north to south and average annual temperature of 27.46°C. On the average, 110 days in a year has over 0.1 mm rainfall occurring. The river is subject to great seasonal fluctuations depending on the main rainy period from June to September.
Kaduna River plays a critical role for downstream water supply as thousands of people in the upstream and downstream are reliant on the water availability. The mainstay and primary livelihood of the locals living within this basin is built around rain-fed and irrigated agriculture. Scarcity of fresh and portable water occurs in many rural areas within the basin especially in the dry season [IBBI, TIMOTHY 2012] . The decline in water quality is compounding the scarcity of water and changing patterns of rainfall and runoff as a result of climatic variations exacerbates this situation. Climatic and hydrological extremes such as floods and droughts hit the basin population severely and regularly. Variability in the climate system and hydrological processes in the basin adds new challenges in the management of water resources. Thus, the failure to predict as well as manage water quality and quantity and the associated impacts from climatic variability (including extreme events) will impose huge costs on the country economies.
METHODS
In this study, we used series of daily mean temperature and rainfall datasets for the period 1975 to 2014 sourced from Nigerian Meteorological Agency (NIMET), Abuja. Similarly, runoff for the period 1990 to 2014 (available length of records) was provided by Shiroro Dam Hydro-Electric Power Station in Niger State. Mean annual, monthly and seasonal (April to October -rainy months; November to March -dry months) values for each hydro-climate variable were computed. Time series data were plotted to observe trends in data distribution and possibly, irregularities. Thereafter, the methods to determine serial correlation in the data series were observed [OKAFOR et al. 2017] . The non-parametric MannKendall (MK) test and Sen's slope estimator were employed to detect monotonic changes over time in the series. MK test have been used in earlier studies to detect trend in hydro-climatic datasets [HU 2014; OKAFOR et al. 2017] . The Mann-Kendall statistic (S mk ) [KENDALL 1975; MANN 1945] , theoretical calculation is shown in Equation (1).
Where: X j and X i = the annual data values in year j and year i, such that j > i and where the sgn function is given as:
Under the null hypothesis of no trend and independence of the series term with the mean in which M is the number of tied groups and U t denotes size of the M th group. The summation term in the numerator is used only if the data series contains tied values. It has been documented that for sample size N ≥ 10, the statistic S assumes normal distribution, the standard normal test statistic Z s is computed using
In addition, Kendall tau and partial correlation were performed to determine if the trends in runoff are attributable to the changing climate. The partial correlation method, postulated by IMAN and HELTON [1988] , allows us to examine the strength and direction of linear relationship between runoff and each climatic variable while controlling the influence of third variable. First, scatter plots were constructed between the variables to satisfy the assumptions of scale level, independent, linear relationship, normally distributed, and arranged in match pairs. The partial correlation coefficients (PCC) that exist between x and y variable is ascertained by eliminating the effect of the z variable, or other variables z 1 , z 2 , …, are defined respectively as: ( 5 ) ( 6 ) Where: r yxz = the simple correlation coefficients (SCC) between y and x, r yz and r xz = the SCC between y and z, and x and z respectively, and so on. The SCC of r yx is defined as:
Where: x i and y i are respectively the time-series variables, n is the span of variables y i and x i . The partial correlation coefficient (PCC) value range from a more significant positive correlation as it reaches +1 to a more significant negative correlation between two variables as it reaches −1. The null hypothesis (H 0 ) assumes that the PCC between two variables is equal to zero.
The discussion on comparison of runoff (as an indicator of available water resources) and climate variables are limited to the corresponding time-slice available. Field visits were also made to the basin, focused group discussions with locals and face-toface interview with water users in three communities: Shiroro, Lavun and Gbako. This was to extract information on rainfall variability, temperature and runoff changes to determine impact on available surface water resources as well as vulnerability to water stress.
RESULTS

ANNUAL CYCLE OF RAINFALL, RUNOFF AND TEMPERATURE TRENDS
The mean yearly patterns of temperature, rainfall and runoff in the study area are shown in Figures 2a,  2b and Figure 3 respectively. Rainfall shows obvious oscillation and instability with annual mean above 65 mm. The ten (10) years moving average indicates variation in rainfall totals giving dry and wet periods. Significant wet years can be seen in 1978 and 2008 while 1981 and 2011 as the driest years in the area. Wet years obviously bring the risk of flooding. The mean annual temperature pattern is increasing with maximum value of 28.87°C in 1987 followed by 1998. The monthly max (in July) and min (in January) temperature is 27.4°C and 19.49°C, respectively. The variable minimal increasing pattern of mean annual runoff at Shiroro at the rate of 1.618 m 3 ꞏyr -1 is also 
SEASONAL CLIMATE TREND
The seasonal trends are displayed in Figure 4 . The rainfall data showed large disparities in average monthly patterns over downstream Kaduna River basin. There are distinct dry and rainy seasons which occurs for about five and seven months respectively. The maximum seasonal rainfall for the study period 
DECADAL VARIATIONS OF RAINFALL, TEMPERATURE AND STREAMFLOW RECORDS AS COMPARED WITH THE LONG-TERM MEAN (LM)
In order to study the decadal variation of historical rainfall, temperature and runoff time series of the Kaduna basin, the mean annual and seasonal values for the entire period of study (1975-1984, 1985-1994, 1995-2004 and 2005-2014) were computed and compared.
The long-term annual mean rainfall for Minna and Bida stations were 1204.90 mm and 1092.18 mm. From Figure 5 , it is observed that on both annual and seasonal basis; a wet period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) period is observed over the area which has a mean annual rainfall of 15.80 mm higher than the long-term average and temperature over Minna are warmer than the long-term average. A dry period (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) with mean annual rainfall of 29.58 and 2.37 lower than the long-term averages were also observed while the period (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) over Minna is cooler than the long-term average. The mean decadal changes for runoff are not remarkable but mostly increasing as shown in Figure 6 . Annual mean runoff of 477.95 less than the long-term average (1990) (1991) (1992) (1993) (1994) (1995) 1975 -1984 1985 -1994 1995 -2004 2005 - served also for the dry periods. The biggest variation in seasonal runoff was found for the period 2005-2014 which had a mean of 126.725 m 3 less than the long-term average. Fig. 6 . The annual runoff differences with their decadal mean variances compared to the long-term mean (LM) at Shiroro reservoir; source: own study
DISCUSSION SEASONAL CLIMATE ANALYSIS
Rainfall is highly variable within local settings [NENWIINI, KABANDA, 2013] as revealed in the study with obvious decreasing trend in the 2005-2014 decade. The observed variability in seasonal rainfall in this study was in contrast with the study conducted by SULEIMAN and IFABIYI [2014] . They found that variability is greater between the months of May to October of which coincides with the rainy season. Similar observations in irregular pattern of annual rainfall were made by EZE [2006] . The study suggests a slight increase in rainfall amount from irregular pattern over the Kaduna River catchment at Shiroro Local Government Area as indicated from the significant wet periods observed from this study. The warmest period occurred in 1985-1994 decade (similar to dry years in the 80's found in rainfall) but the coolest years were in 1974 and 1994. The results of the temperature analysis indicate increasing trend in annual mean temperature while decreasing high temperature events are pronounced in dry season than in rainy season. From the runoff result, increasing tendency has been observed which is supported by runoff analysis performed by FAN et al. [2011] . Equally, the frequency, amount and the duration of rainfall events determine the trend of hydrological events such as river runoff and flood. The observed significant wet years and slight increase in rainy season rainfall amount follows the flood events which occurred in the area at these years; 1998, 2003 and 2012 agreed with the works of EZE [2006] and ADAKAYI [2012] . These authors reported similarities in flood events and significant wet years. Both rainfall and runoff have strong inter--annual and intra-annual variabilities corroborating the work by OLADIPO [2008] . The variability in runoff is higher than that found in rainfall owing to annual runoff influence by both annual variability, amount of rainfall [PEEL et al. 2001] and other environmental characteristics.
MANN-KENDALL (MK) TEST ANALYSIS
The MK trend test for annual and seasonal series of runoff, rainfall and temperature are shown in Table 1 . The test statistic Z S was used as measure of significance in the trend. On annual scale, no trend was detected in rainfall data in the catchment but showed statistically significant decreasing trend for seasonal analysis.
Temperature results indicated statistically increasing trends in both annual and seasonal scale. Overall increasing trend in runoff was observed for the period 1990-2014 as seen with Mann-Kendall test but statistically significant for annual scale. Sen's estimator values ranged from −0.41 to 2.14 mmꞏyr -1 . This result points toward the presence of both increasing and decreasing trends (non-monotonic temporal pattern) in the time series.
LINKAGES BETWEEN RUNOFF AND CLIMATE TRENDS -KENDALL TAU AND PARTIAL CORRELATION
The interest of the relationship analysis is to determine if the trends in runoff are attributable to climate change and variability. Similar studies applied in other basins for linking runoff trends to climatic changes were reported by HU [2014] , ABDUL AZIZ and BURN [2006] and CHEN et al. 2007] . The potential relationships of the significant trends in hydrological variables were investigated through a correlation analysis with climatic variables. The Kendall tau for these series are calculated and runoff (0.33) is more significantly correlated with rainfall (tau = 0.280) than with temperature (tau = 0.047) at 95% confidence level. The positive relationships between these variables are apparent from the trend series as shown in Figure 2a and 2b. The partial correlation analysis between climatic variables and runoff performed at a confidence level of 95% to test if the correlation was significant. The seasonal and annual partial correlation coefficient PCC between runoff and climatic variables (rainfall and mean temperature) during the period from 1990 to 2014 indicates that the runoff is influenced by both precipitation and temperature. All of the relationships between runoff and climatic variables on annual and seasonal timescale show weak relationship (PCC = 0.151, -0.215), while the seasonal analysis exhibit negative correlation. Runoff shows the closest relationship with rainfall. It can be concluded from the partial correlation analysis that the runoff is supplied and highly controlled by precipitation rather than temperature. Over the period 1990-2014, the strong positive correlation between pattern of annual rainfall and surface runoff was also observed at Shiroro dam by SULEIMAN and IFABIYI [2014] . Therefore, increasing (positive values) rainfall could be associated with increasing annual flow. The study findings however, coincide with the study conducted by EZE [2006] . He noted that a slight increase in rainfall increases the amount of river runoff and runoff of flood into the Shiroro reservoir over the period 1981-2003.
HYDROLOGIC IMPACTS OF METEOROLOGICAL CHANGES AND DOWNSTREAM KADUNA RIVER -CURRENT WATER STRESS CONDITIONS
Overall, there is large intra-annual variation of the rainfall between 1975 and 2014. Rainfall variability can be related to the movement of the inter-tropical convergence zone (ITCZ) as controlled by the monsoon trade winds movement. The stable increases in temperature observed are consistent with increasing temperatures over Africa since 1960s. The warming observed across the globe is evident in warmer and dry period characterizing the recent decade (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) in the catchment. The intra-annual variabilities of these hydro-climatic variables play a key role in determining the characteristics of a given climate. The correlation analysis in has suggested a dominant role of rainfall in runoff generation over the basin. However, the overall varying rainfall trend over the study period was accompanied by long-term increasing trend in runoff. This result may imply that other factors also affect flow variations such as land-use changes, groundwater recharge and other biophysical factors. Meanwhile the increase in temperature leads to the declining runoff in the dry periods (high evaporation). The results have proven that the river's natural flow (surface runoff) is very sensitive to rainfall variations and temperature changes.
Furthermore, rainfall has ample impacts on river levels and runoffs, while increases in temperature have been found to affect the rates of evaporation and evapotranspiration, reducing the amount of surface water, thus influencing water balance of a basin. In cases when intense rainfall does occur, high rates of surface runoff may contribute to flash floods and limit the capacity of land and soils to regulate water supplies more evenly. From the interviews, the inhabitants noted erratic rainfall and flood events which destroys crops and runs-off. They also could no longer tell the timely onset of the rain preventing crops to be planted early. The assessment indicated that 76.5%, 46.3% and 68.8% proportion of the households in Shiroro, Gbako and Lavun have experienced water stress respectively. These are owing to population pressure, failure and drying up of streams, wells and boreholes, they noted. Additionally, water available for domestic activities such as cooking, bathing and drinking water for both human and livestock are reduced. Water scarcity during the dry season gave rise to lowering soil moisture levels. This in combination with high temperature develops hard soil layer that limit infiltration especially in areas with poor vegetation cover or high rates of surface water evaporation. Also, temperature increases might shorten the cropgrowing period and reduces the amount of biomass that accumulates [CERVIGNI et al. (eds) 2013] . This suppresses crop yields even if crops are not stressed by water conditions.
Increase in temperature resulted in intense heat waves, most of the water scarcity and drought cases reported, that could be challenging for water resources management and agricultural dependent vulnerable populations. Equally, increasing flood events that lead to soil erosion and washed away their farmlands especially those close to the river bodies were of concern to them.
Water scarcity (not in an absolute sense but significant reduction levels) still exist in the basin especially during the dry season due to variability in rainfall and increase in evapotranspiration (high temperature) despite few seasonal available public water sources such as a solar powered borehole, three hand pumps at the study location. Increasing population observed from larger family size plays a major role in this increase in water scarcity because it reduces percapita availability even with unchanged resources. The increasingly irregular availability of water threatens the livelihoods of households and smallholder farmers. The changes in rainfall and runoff described are likely to have significant effects on the reliability of hydropower and irrigation systems, which are a function of both average magnitude and variability of inflows. Increases may entail adverse impacts such as increasing flood risk, deteriorating water quality, and malfunctioning of water-related infrastructure. If the observed varying trend in rainfall continues in the future (as also predicted by models), this could affect the sustainability of surface water resources and groundwater recharge.
CONCLUSIONS
In the wake of reducing current vulnerability of communities to climate variability and extreme events as well as improving management options to deal with the worst-case scenarios and also take advantage of opportunities that may arise, this study assessed the linkages between the changing climate and runoff in the downstream Kaduna River basin as follows. First, the temporal trends of runoff, rainfall, and tempera-ture on annual and decadal basis during the period of 1975-2015 were analysed. The statistical significance of these trends was investigated using the MannKendall (MK) test. Afterwards, using Kendal tau and the partial correlation method, the correlation between runoff and climatic variables were characterized in a seasonal and yearly scale.
We found no clear trend in rainfall but significant wet and dry periods both on seasonal and annual scale. For temperature data, the test indicates a significant upward trend especially in recent decade (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . Runoff results obtained showed overall increasing trend that is non-statistically significant. The correlation analysis indicates runoff generation over the basin is influenced by both climate variables but highly controlled by precipitation rather than temperature. Site visits and survey further confirmed and revealed some hydrological implications of both increasing and decreasing temporal trends in the hydroclimatic variables.
The observed increases in temperature with varying rainfall trend lead to water stress which impacted on livelihood. Even though the research independently analysed climate impact on runoff and did not account for tipping points in natural processes or consider human activities, major indicators of seasonal water stress and flooding in the study area were identified, which supports the locals expressed perceived effects of climate variability. Based on the results obtained, it can be concluded that there is existence of climate variability due to variations in rainfall, temperature and runoff data obtained from the basin. The result was negative impact on local ecosystem and water availability, hence, well-being of residents in the area. The positive or increasing runoff can be harnessed during the rainy season to reduce flood risk and use during the scarcity periods. With potential future changes in climate and hydrological regimes of the river basin, it is necessary to develop adaptive measures in seasonal regime of water availability such as rainwater harvesting for different purposes and related economic sectors. Finally, future work should be carried out to model the effect of climate change on hydrological events not only runoff, and diverse hydrological characteristics of the entire basin to reveal the response mechanism of hydrological factors to potential climate change and determine their role in the basin hydropower water management.
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Ocena wpływu zmian klimatycznych na dostępność wody w basenie rzeki Kaduna, Nigeria STRESZCZENIE Zmiany w prawidłowościach odpływu spowodowały poważne ograniczenia w dostępności wody, problemy ekologiczne w rolnictwie oraz zmiany warunków życia ludzi w Nigerii. Zrozumienie długoterminowej zmienności (w poszczególnych latach i dziesięcioleciach) dostępności wody w basenie rzeki jest ogromnie ważne w zarządzaniu zasobami wodnymi i adaptacji do zmian klimatycznych. Zmiany klimatu w północnej Nigerii mogą doprowadzić do zmian cyklu hydrologicznego i dostępności wody. Ponadto, związki między zmianami klimatu a zmiennym odpływem wody są dla tego obszaru słabo udokumentowane. Z tego powodu w przedstawionych badaniach analizowano czasowe zmiany opadu, temperatury i odpływu wody z basenu rzeki Kaduna. Stosując odpowiednie narzędzia statystyczne i badania ankietowe, badano trendy przepływu wody i ich związki ze wskaźnikami klimatycznymi, aby udokumentować ich rosnący wpływ na dostępność wody i warunki życia mieszkańców w dolnym biegu rzeki. Analiza wykazała zmienność opadów z wyraźnymi okresami suchymi i wilgotnymi. W przeciwieństwie do opadów temperatura cechowała się statystycznie istotnym trendem rosną-
